INTRODUCTION
============

stroke is a central nervous system disease caused by cerebrovascular problems such as infarction or hemorrhage. Stroke may lead to impairment of various physical functions, including hemiplegia, language disorder, swallowing disorder or cognitive disorder, according to the location and degree of morbidity \[[@B1]\]. Among these, hemiplegia is a common symptom occurring in 85% of stroke patients. In particular, upper extremity paralysis is more frequent and requires longer recovery time than lower extremity paralysis \[[@B2][@B3]\]. To maintain the basic functions of ordinary life, the use of the upper extremities is essential; therefore, upper extremity paralysis commonly causes problems in performing the activities of daily living \[[@B2]\].

Robot-assisted rehabilitation treatment has recently been widely investigated as an effective neurorehabilitation approach that may augment the effects of physical therapy and facilitate motor recovery \[[@B4]\]. Robot-assisted rehabilitation treatments have been developed in recent decades to reduce the expenditure of therapists\' effort and time, to reproduce accurate repetitive motions and to interact with force feedback \[[@B5][@B6]\]. The most important advantage of using robot-assisted rehabilitation treatment is the ability to deliver high-dosage and high-intensity training \[[@B7]\].

In rehabilitation patients may find such exercises monotonous and boring, and may lose motivation over time \[[@B8]\]. Upper extremity rehabilitation training using video games, such as Nintendo Wii games and the PlayStation EyeToy games, enhanced upper extremity functions and resulted in greater patient satisfaction than conventional rehabilitation treatment \[[@B9][@B10][@B11][@B12][@B13]\].

The objective of this study was to determine the effects of combining robot-assisted game training with conventional upper extremity rehabilitation training (RCT) on motor and daily functions in comparison to conventional upper extremity rehabilitation training (OCT) in stroke patients. This study was a randomized controlled trial and we evaluated motor power, upper extremity motor function, daily function and satisfaction.

MATERIALS AND METHODS
=====================

Subjects
--------

The subjects of this study were acute and sub-acute phase stroke patients hospitalized in Dong-A University Hospital from April 2014 to January 2016. In accordance with previous studies and accepted standards for conducting robot-assisted game training, patients who were able to undertake robot-assisted game training, maintain a sitting posture stably on a chair, have scores of 2 points or higher on the Manual Muscle Test (MMT) in adductor and abductor of the shoulder joints and flexor and extensor of the elbow joints, and a score 10 or higher on the Korean version of the Mini-Mental Status Examination (K-MMSE) were included \[[@B9][@B14][@B15][@B16]\]. Those who had a previous history of stroke or neuromuscular disorder, trauma on the upper limbs or the upper chest area, or anamnesis, such as a history of surgery, were excluded.

The Institutional Review Board of Dong-A University Hospital approved the study (No. 16-121), and written consent was received from all patients.

Methods
-------

Enrolled patients who met the inclusion criteria were randomly selected and assigned to the RCT group or the OCT group.

The RCT group performed one daily session consisting of 30 minutes of robot-assisted game training using the upper extremity rehabilitation robot Neuro-X (Apsun Inc., Seoul, Korea) and one daily session of 30 minutes of conventional upper extremity rehabilitation training, 5 days a week for 2 weeks. The OCT group performed two daily sessions of 30 minutes of conventional upper extremity rehabilitation training. Each training protocol was applied over 20 sessions (30 minutes per session, 2 sessions per day, 5 days a week for 2 weeks).

Robot-assisted game training programs
-------------------------------------

The robot-assisted game training was delivered using the upper extremity rehabilitation robot Neuro-X. Neuro-X is composed of a video monitor, a robot arm and a computer. The length of the robot arm is adjustable to be suitable for a patient ([Fig. 1](#F1){ref-type="fig"}). This device is a two-degree-of-freedom robot, allowing patients to perform shoulder abduction-adduction and elbow flexion-extension movements in the horizontal plane. This device has several treatment modes, including continuous passive motion exercise (CPM) mode, controlled assisted movement exercise (CAM, or active assisted exercise) mode, and game mode. The patient, in a sitting posture, has the paretic side arm fixed onto the robot arm. The patient moves the robot arm with abduction and adduction of the shoulder joints, as well as with flexion and extension of the elbow joints, to perform movements in each game program. The wrist joint was fixed and was not used for the game program ([Fig. 1](#F1){ref-type="fig"}). For the robot-assisted game training, the Arkanoid game, car driving game, jumping rope game, dolphin & circus game, goalkeeper game and fruit target game were used. Subjects were allowed to select a game freely according to their preference ([Fig. 2](#F2){ref-type="fig"}). When the first session was started, a therapist taught the patient how to play the game and demonstrated game play for about 15 minutes. During training, a therapist supervised the patient\'s shoulder joint and elbow joint in order to keep the joint positioned safely. If needed, the patients\' trunk was restrained by a harness to decrease compensatory movements.

Conventional upper extremity rehabilitation training
----------------------------------------------------

Conventional upper extremity rehabilitation training consisted of a muscle stretching exercise, a joint exercise, a muscle strengthening exercise and training in the activities of daily living. The training was performed by the occupational therapists.

Evaluation methods
------------------

Basic information on stroke patients, i.e., age, gender, type of lesion, location of the lesion, side of paresis, duration of disease, K-MMSE and Beck Depression Inventory (BDI) were investigated. Values for MMT, Manual Function Test (MFT) and Korean version of the Modified Barthel Index (K-MBI) were measured for both groups before and after training. To evaluate training effects, changes of MMT scores, MFT scores and K-MBI scores were calculated from baseline to end of 2-week training. After the training, a survey on side-effects and degree of satisfaction was conducted.

MMT was performed on adduction and abduction of the shoulder joints, as well as on flexion and extension of the elbow joints, flexion and extension of the wrist joints, and hand grip motion. Each motion was evaluated by six steps according to the accepted methods for measuring manual muscle strength. Upper extremity motor functions were evaluated using the MFT. This test comprised eight items: shoulder joint flexion, abduction, external rotation, internal rotation, whether the subject was able to grasp a ball or pick it up, the number of regular 4 cm hexahedron blocks moved within 5 seconds and 30 seconds. The total possible score was 32 points \[[@B17]\]. In addition, K-MBI was used to evaluate the patients\' activities of daily living. A survey on their degree of satisfaction with the training was conducted in both groups after training was completed. Patients also described side-effects of the training. Their degree of satisfaction with the training was recorded on a scale of 1 to 5 (very satisfied=5 points, satisfied=4 points, moderately satisfied=3 points, dissatisfied=2 points, and very dissatisfied=1 point).

Statistical analysis
--------------------

The Korean version of Windows SPSS 18.0 (SPSS Inc., Chicago, IL, USA) was employed. The Wilcoxon signed-rank test was carried out to evaluate MMT, MFT, and K-MBI before and after training. For comparison between the two groups, statistical processing was conducted with the Mann--Whitney U-test. A statistical significance level was set at p\<0.05.

RESULTS
=======

Three hundred forty-five stroke patients had been admitted to our department, of which 58 patients were enrolled in our study. Twenty-nine patients each were assigned randomly to the RCT or the OCT group. Eight patients dropped out due to early discharges from the hospital and declines in medical conditions. Finally, 50 subjects were included and completed this study ([Fig. 3](#F3){ref-type="fig"}). There were no significant differences between the two groups in their average age, lesion type, lesion location, paretic side, duration of disease, K-MMSE, or BDI scores at baseline ([Table 1](#T1){ref-type="table"}). The adduction and abduction of the shoulder joints, flexion and extension of the elbow joints, flexion and extension of the wrist joints, and hand grip motion did not significantly differ between the two groups in MMT, MFT, and K-MBI at baseline assessment ([Table 1](#T1){ref-type="table"}).

Both groups had significant improvements in the adduction and abduction of the shoulder joints, flexion and extension of the elbow joints, flexion and extension of the wrist joints, and hand grip motion in MMT, MFT, and K-MBI after the 2-week training compared to before training (p\<0.05) ([Table 2](#T2){ref-type="table"}).

When the two groups\' training effects were compared, there were no significant differences between the two groups in the adduction and abduction of the shoulder joints, flexion and extension of the elbow joints, extension of the wrist joints, and hand grip motion evaluated by MMT, MFT, and K-MBI ([Table 3](#T3){ref-type="table"}). In the OCT group\'s MMT, the training effect on flexion of the wrist joints was better than that of the RCT group (p\<0.05) ([Table 3](#T3){ref-type="table"}).

In a survey of the two groups, the RCT group\'s degree of satisfaction was 4.12±0.97 points and that of OCT was 3.24±1.01, with the RCT group having a significantly higher degree of satisfaction (p\<0.05). There was no report of side-effects according due to robot-assisted game training, such as a fall, shoulder or elbow joint pain, or headache.

DISCUSSION
==========

About 80% of patients showed total or partial dependence in activities of daily living at 3 weeks after stroke and about 30% remained so at 6 months to 5 years after \[[@B18]\]. Therefore, immediately after stroke, the main goal is to restore function as soon as possible so that the patient can achieve the best quality of life \[[@B19]\]. Various classic methods to improve stroke patients\' muscle strength have been developed, including a neural development technique proposed by Bobath, Rood\'s technique, which improves muscle strength through stimulation of the superficial skin, Brunnstrom\'s technique through muscular synergist action, and Kabat\'s functional improvement through proprioceptive neuromuscular facilitation \[[@B2]\]. However, these various classic rehabilitation treatments have some problems such as repetition of the same motions for a long time, therapists differing opinions on treatment methods and capabilities, and patients becoming bored with treatment \[[@B8]\]. Therefore, recently, new treatment methods, such as robots, games, virtual reality treatments, constraint-induced movement training (CIMT), were introduced \[[@B9][@B20][@B21][@B22]\]. Among these, robot-assisted rehabilitation treatment has numerous benefits and has been developed and used in recent decades \[[@B5][@B6]\].

Various studies have evaluated robot-assisted rehabilitation treatments. Outcomes of robot-assisted rehabilitation treatments have been variable, depending on the type of robots, study design and the characteristics of patients. Masiero et al. \[[@B23]\] reported that additional robot-assisted upper extremity rehabilitation treatment showed greater reductions in motor impairment and improvements in functional abilities after acute stroke. Masiero et al. \[[@B16]\] reported that standard therapy (65% of exercise time) associated with robotic training (35% of exercise time) had similar improvement in motor, dexterity and activities of daily living compared with conventional rehabilitation treatment. Taveggia et al. \[[@B24]\] reported that rehabilitation treatment with an exoskeleton upper extremity rehabilitation robot ArmeoSpring (Hocoma Inc., Zurich, Switzerland), which allows the pivotal movements of shoulder, elbow and wrist joints in a three dimensional virtual environment was as effective as traditional rehabilitation at the end of 6-week treatment.

Multiple researchers have reported that robot-assisted rehabilitation treatment enhanced upper limb mobility and muscle strength, although its effect on improvements in the activities of daily living was restricted \[[@B5][@B25][@B26]\]. This is because existing upper-limb robot-assisted rehabilitation treatment was confined to the proximal part of the upper limbs. For functional improvement, coordination between the proximal and distal parts is essential \[[@B27][@B28]\]. Our results showed improvements of motor and daily functions in RCT groups, even though the upper extremity rehabilitation robot used in this study limited joint motions of distal parts of upper limb. Perhaps this was because patients in the RCT group performed one daily session of robot-assisted game training plus one daily session of conventional upper extremity rehabilitation training. Patients in the RCT group conducted self-training after instruction by a therapist. Both groups did not significantly differ in most of MMT, MFT, and K-MBI, suggesting the effects of RCT were similar to those of OCT.

In total, 50% of stroke patients experience depression and this is considered to result from mental stress about their disability \[[@B2]\]. Such depression may lead to decreased socialization and participation in rehabilitation treatment of stroke patients \[[@B2]\]. The game programs induce pleasure and interest in the rehabilitation therapy, thus acting positively to promote motor learning. The games also inspire, motivate, and trigger pleasure and interest in rehabilitation by utilizing the player\'s intrinsic sense of competition and desire for interaction, thereby promoting learning movements \[[@B10][@B29]\]. In the present study, the patients in the RCT group expressed greater satisfaction than those in the OCT group in the survey on degree of satisfaction. However, the questionnaire about satisfaction had only a single question. Therefore, additional systematic and appropriate research on the degree of patient satisfaction are considered necessary.

The limitations of this study were that the number of subjects was small and the period of research was short. Additional research to complement these points is considered necessary. Despite such limitations, this study is meaningful in that it is to determine the effects of game training in upper extremity rehabilitation robot Neuro-X plus conventional upper extremity rehabilitation training on upper extremity motor and daily functions compared with those of conventional upper extremity rehabilitation training in stroke patients, as well as examined their degree of satisfaction with the two training methods.

In conclusion, robot-assisted game training can induce patients to perform accurate motions repeatedly; satisfy the patients in training sessions by inducing their interest; can be implemented safely under a therapist\'s supervision; and can lighten therapists\' workloads. The present study showed that RCT provided similar improvement in upper extremity motor and daily function as OCT did. And the patients in the RCT group were more satisfied than those in the OCT group. Our result suggests that RCT could be a useful method for upper extremity training in stroke patient.

This study was promoted as part of the spread business of market creation type robots of the Ministry of Trade, Industry and Energy and was carried out by rehabilitation robots supplied from the Ministry of Health & Welfare and the National Rehabilitation Center in 2013.
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![(A) Neuro-X, an upper extremity rehabilitation robot, consisting of a video monitor, a robot arm and a computer. (B) The patient performing robot-assisted game training with the upper extremity rehabilitation robot.](arm-41-539-g001){#F1}

![Six game programs on the Neuro-X (Apsun Inc., Seoul, Korea). (A) Arkanoid game. (B) Car driving game. (C) Jumping rope game. (D) Dolphin & circus game. (E) Goalkeeper game. (F) Fruit target game.](arm-41-539-g002){#F2}
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###### Baseline characteristics

![](arm-41-539-i001)

Values are presented as mean±standard deviation or number.

RCT, combining robot-assisted game training with conventional upper extremity rehabilitation training; OCT, only conventional upper extremity rehabilitation training; K-MMSE, Korean version of Mini-Mental Status Examination; BDI, Beck Depression Inventory; MMT, Manual Muscle Test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

###### Changes of measurements after training
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Values are presented as mean±standard deviation.

RCT, combining robot-assisted game training with conventional upper extremity rehabilitation training; OCT, only conventional upper extremity rehabilitation training; MMT, Manual Muscle Test; MFT, Manual Function Test; K-MBI, Korean version of Modified Barthel Index.

^\*^p\<0.05 by Wilcoxon signed-rank test.

###### Comparison of the training effects between two groups
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Values are presented as mean±standard deviation.

RCT, combining robot-assisted game training with conventional upper extremity rehabilitation training; OCT, only conventional upper extremity rehabilitation training; DMMT, change of Manual Muscle Test score from baseline to end of 2-week training; DMFT, change of Manual Function Test score from baseline to end of 2-week training; DK-MBI, change of Korean version of Modified Barthel Index score from baseline to end of 2-week training.

^\*^p\<0.05 by Mann-Whitney U-test.
